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FREQUENCY SHARING BETWEEN SATELLITE 
AND TERRESTRIAL NETWORKS
By
ABSTRACT
Addition of devices of different form factors to the network has resulted to high demand for broadband access. To 
improve the network capacity, Frequency spectrum regulators have recommended fifth generation (5G) network for 
deployment on one of the high frequency bands due to their huge contiguous bandwidth. Since such bands have 
already been allocated to satellite networks by the regulatory bodies, 5G must coexistence with the satellite systems. As 
a result, feasibility study for coexistence of 5G with the incumbent satellite systems is needed. This paper studied 
coexistence feasibility of a 5G terrestrial Base Station (BS) with Fixed Satellite Service (FSS) terminal at 28 GHz considering 
only interference from the satellite terminal into the 5G terrestrial BS. The study used signal to interference plus noise ratio 
(SINR) available at sectors of a 3-sector cell 5G terrestrial BS as a protection parameter. The available SINR on each 
sector was used in estimating the impact of the FSS terminal transmit power on the deployment parameters of the 5G 
system. Moreover, the study was conducted using a more realistic path loss model and 5G antenna pattern recently 
rd
released by 3  generation partnership project (3 GPP). The results show that the transmission power and elevation angle 
of the FSS terminal affect deployment parameters of the 5G terrestrial BS. Finally, the results suggested that coexistence 
of the two systems is feasible in residential areas with only one FSS terminal if the deployment parameters of the 5G BS are 
carefully selected.
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INTRODUCTION
The exponential rise in demand for network capacity has 
to be address. With the current spectrum allocation of 
below 6G to mobile networks, such huge network 
demand could hardly be provided. One of the promising 
technologies is to deploy mobile networks at above 20 
GHz. This will provide hundred times the present network 
capacity. As such, fifth generation (5G) network has been 
recommended for deployment on ka-band so as to 
provides both the huge network demanded and 
forecasted.
A suitable band for the deployment of 5G is the band 
between 17 GHz to 30 GHz. However, International 
Telecommunication Union (ITU) Radio Regulation and 
Nigerian Communications Commission (NCC) have 
already allocated these bands to FSS, fixed service (FS), 
High density FSS (HDFSS) and Non-Geostationary orbit 
(Non-GEO) satellite services. Similarly, such bands have 
been allocated to FSS, FS and mobile networks by 
Nigerian Communications Commissions (NCC) based on 
National Frequency Allocation Table (NFTA) National 
Frequency Allocation Table, 2014) Figure1 depicts the ITU 
allocation and a corresponding allocation within Nigeria 
by NCC. Based on NCC allocation, FSS has exclusive 
allocation of 28.8 GHz to 30 GHz band, while 27.5 GHz to 
28.8 GHz band is shared between FS, FSS and Mobile. As a 
result, 5G network need to coexist with FSS at 28 GHz.
Feasibility of coexistence of different networks had been 
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performed. EU FP7 European research project cognitive 
radio (CoRaSat) has used data base approach to 
investigate feasibility of coexistence of FSS terrestrial 
systems with Fixed Service (FS) systems on Ka-band (Evans 
et al., 2015). The project aimed at identifying under-
utilized spectrum allocated to FS systems within the 
Europe for additional deployment of FSS systems carriers. 
Moreover, feasibility of coexistence of FSS and cellular 
systems on ka-band has been investigated in Guidolin, 
Nekovee, Badia, and Zorzi, (2015) using interference to 
noise ratio (I/N) of -10dB as the FSS terminal protection 
parameter when considering interference from 5G 
terrestrial base stations (BSs) into the satellite terminal. In 
addition, the available capacity and throughput of the 
5G system was investigated considering interference 
from the satellite terminal. The 5G BSs were deployed in 
three circular tiers and configured with multiple antennas. 
Using realistic FSS parameters and radiation pattern, the 
results of the research suggested that deployment of non- 
cooperative 5G BSs with large number of antennas at 
appropriate distances away from the satellite terminal will 
allow seamless coexistence of the two systems. Moreover, 
the concept of Cognitive Radio (CR) has been used in 
coexistence studies of Ka-band satellite with terrestrial 
systems (Mohamed, López-Benítez,  & Evans, 2014) The 
cognitive user, FSS, is provided with intelligence based on 
its location, gain pattern and path loss awareness 
models. The information enables estimation of the 
interference it is generating to the incumbent FS system. 
Based on such information, the cognitive user is able to 
reduce the interference to an acceptable level that can 
be tolerated by the FS system. The research also found a 
limit to the number of uniformly distributed FSS terminals in 
an area that guaranteed an I/N threshold of -10d B at the 
FS terminal. Furthermore, coexistence of 5G with 
incumbent FSS and FS systems at 28 GHz and 70 GHz 
respectively was investigated in Kim et al. (2017). The 
research was able to find the maximum number of user 
equipment (UE) and 5G Access Points (Aps) which could 
transmit concurrently with out degradingI / Nthresholds of -
12.2 dB, -6 dB and 0 dB at the FSS space station.
Different from the above literatures, this paper 
investigates coexistence possibility of a 5G terrestrial BS 
with the incumbent FSS system on the latter's uplink 
frequency of 28 GHz. FSS and 5G antenna patterns based 
on ITU and 3GPP specifications are respectively used in 
the research. Moreover, a more realistic recently released 
path loss model as contained in 3GPP specification is also 
use in the analysis. It is assumed that the 5G antenna is 
highly directional such that interference generated to the 
satellite terminal is minimal. As a result, only interference 
from the incumbent FSS to the 5G BS is considered and is 
used in determining the deployment parameters of the 
5G BS. A scenario consisting of a single FSS terminal 
around a 5G terrestrial BS at different locations is modeled 
and SINR available at the sectors of the 5G terrestrial BS is 
evaluated. A threshold SINR of -8.2 dB which was found 
(prior to this studies) based on a link level simulation 
performed at the5G Innovation Centre (5GIC) of University 
of Surrey is used in the analysis. Table 1 shows the SINR 
values of the simulation for different code rates and 
modulation schemes. The link level simulation was 
performed based on Block Error Rate (BLER) for different 
modulation and coding schemes. Since a maximum of 
Figure 1. ITU and NCC Allocation on 27.5-30 GHz Band
SINR Range
Minimum SINR
<-8.267
-8.266
-6.548
-3.166
-1.048
0.749
3.602
7.890
10.736
Maximum SINR
-8.267
-6.649
-3.167
-1.049
0.748
3.601
7.889
10.735
>10.736
Modulation
-
QPSK
QPSK
16 QAM
16 QAM
16 QAM
64 QAM
256 QAM
256 QAM
Code rate
-
1/3
1/2
1/3
1/2
2/3
1/2
1/2
2/3
Table 1. Table of Simulation of SINR Requirement for Different 
Code Rates Performed at the 5G Innovation 
Centre of the University of Surrey
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10% BLER had been recommendedby3GPP(3GPP 2011) 
large range of SINR values were simulated for each 
modulation and coding schemes. The SNIRs that 
achieved at most a BLER of 10% for each modulation and 
coding scheme had been reported as in Table 1. The SINR 
values are the pre-beamforming values that the beam 
former need to operate with since the link level simulation 
performed beam forming before computing the BLER.
This paper presents deployment distance of 5Gterrestrial 
BS based on commonly used FSS transmit power and 
elevation angles with in Nigeria, such that the available 
SINR on all the sectors of the terrestrial 5G BS do not fall 
below the minimum threshold of -8.2 dB. Finally, we show 
that 5G terrestrial BS can co-exist with the incumbent FSS 
at 28 GHz on the uplink of the satellite network provided 
the deployment parameters of the mobile system are 
carefully chosen.
The paper organization is as follows. Chapter II contain 
scenarios considered and systems parameters used in the 
analysis. The performance analysis of the scenarios 
considered is presented in section III. Conclusion and future 
work in contained in section IV and acknowledgment  
follows in section V.
1. System Modelling
This paper considered 28 GHz uplink frequency of the FSS 
terminal for the analysis. The scenario considered, as 
depicted in Figure 2, comprised an FSS terminal 
transmitting to a Geo-Stationary Orbit (GSO) satellite at 
o
28.2 E and also interfering with a terrestrial 5G BS. The 5G 
BS is receiving signal from its users. The user terminals (UEs) 
were fixed at the edge of their cells and along the bore 
sights of the sectors they were allocated to, on the 
assumption that each sector has only a single user 
allocated to it at a time. The link connecting the UEs to the 
5G BS was termed primary link, while that from the FSS to 
the 5G BS was the interference link as depicted in Figure 2.
The received signal on each of the 3 sectors from their 
respective users based on the assumption that there was 
power control, so that all the scheduled users transmit 
equal power (Guidolin, Nekovee, Badia, & Zorzi, 2015) is 
given by:
S  = P  +G - PL +G (θ ,φ ) [dBW] (1)
j UE UE BU BUj 2 2
S, is the useful signal on sector j from user j, PUE is the 
j
transmit power of UE j and GUE is the gain of UE j antenna. 
Also, PL  is the Path loss between the sector j and user j and 
BU
G (θ ,φ ) is the gain of sector j towards UEj.
BUj 2 2
The interference on each of the sectors based on 
Guidolin, Nekovee, Badia and Zorzi, (2015) is given by:
I   = EIRP - PL  +G (θ ,φ ) [dBW] (2)
j BF BEj 2 2
With:
EIRP = P  + G  [ ] (3)
FSS jf
EIRP is the effective isotropic radiated power of the FSS 
terminal having a gain of  towards  the 5G terrestrial BS. 
P  is the transmit power of the FSS terminal. Also, G (θ ,j) 
FSS BEj 2 2
is the gain of sector j of the 5G BS towards the FSS terminal 
and PLBF is the path loss between the 5G terrestrial BS and 
the FSS terminal.
So, the Signal to Interference Ratio (SIR) on each of the 
sectors is given by:
SIR  = S-I  [dB] (4)
j j j
Using sectors of noise floors, NF , and operating at an 
average temperatures of T, the thermal noise at each of 
the sectors based on Kim et al. (2017) is given by:
N = N   + 10 log KT, [dBW] (5)
F 10
where K is the Boltmann constant.
So, signal to noise ratio (SNR) on each of the sectors is 
given by:
dBW
G
jf
Figure 2. A 3-Sector Cell Base Station with schedule user 
Terminals around an FSS Terminal
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SNR  = S-N [dB] (6)
j j
The SINR, in Watt, at sector j is then obtained by combining 
(4) and (6) as:
(7)
The directive gain of the FSS terrestrial antenna, a function 
of the off-axis angle from the bore sight, depend on the 
5G terrestrial BS and FSS terminal heights; distance and 
relative azimuth between the two terminals. With the help 
of ITU-R P.452-16 (2015) the off-axis angle has been 
obtained in ITU-R S.452-15 (2013) as:
−1
ff= cos cos(E)cos(e)cos(a)+sin(e)sin(E)) (8)
Where  is the elevation angle of the radio wave at the FSS 
terminal given by:
(9)
r = 8500 Km is the effective earth radius. zs, zb and d are 
the height of the FSS terminal, height of the 5G terrestrial BS 
and the distance between them respectively. Based on 
the above off-axis angle, the gain of the FSS terminal 
operating within 2-31 GHz using  ITU-R S.465 (2010) was 
found in Höyhtyä, (2015) as in equation (10) below.
(10)
With Gmax = 42.1dBi; A 3GPP path loss model that uses 
two distances: d  and d  as depicted in Figure 3 was 
2D 3D
used in the analysis. The actual distance travel by the 
radio waves, d D, for an FSS terminal of height, h , 
3 FSS
communicating to a 5G terrestrial BS of height, h  and 
BS
separated by a ground distance, d , according to 3GPP 
2D
(2016) is given by,
(11)
With a 4 dB standard deviation for shadow fading, the path 
loss between the FSS and the BS for non-line of sight (NLOS) 
communication according to 3GPP recommendation 
3GPP (2016) is given by:
PL  = max ((PL , PL′ )) (12)
BU UMI-LOS UMI−NLOS
Where,
(13)
With
PL1 = 32.4 + 20 log  d   + 20log f (14)
10 3D 10
And
PL2 = 32.4 + 40 log  d  + 20 log  f 
10 3D 10
2 2
-9.5 log [(d′ ) + (h −h ) ] (15)
10 BP BS FSS
Also,
PL′  = 35.5 log  d  + 22.4 
(UMI−NLOS) 10 3D
+21.3 log   f - 0.3(h -1.5) (16)
10 fs
With,
(17)
Where,
h′   = h −1 (18)
FSS FSS
h′   =  h  −1 (19)
BS BS
C is the speed of light (in m/s) and f is frequency of 
operation (in GHz).
The path loss between the 5G BS and a user terminal is 
obtained by replacing h  with h  in equations (15), (16), 
FSS UE
(17) and (18) above. 
The antenna pattern of the 5G terrestrial BS follows a 3GPP 
model in 3GPP (2016) Each sector consists of a uniformly 
rectangular array. But for this analysis, only a single antenna 
element was considered per sector. The gain of the 5G 
antenna element depends on two off-axes angles: vertical 
off-axis angle, q, and horizontal off-axis angle, j. 
2 2
According to Hou, Wang, Jiang, and Kayama, (2016) the 
gain of a 5G antenna element is given by: 
G (θ , φ ) = G  + RP (θ , φ ) (20)
BE 2 2 BE,max BE 2 2
G  is the maximum gain of the antenna element and 
BE, max
has a value of 8 dB. RP (θ , φ ) is the antenna element 
BE 2 2
radiation pattern as a function of the two off-axes angles, 
Figure 3. FSS Terminal to 5G Terrestrial BS Configuration
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θ  and φ . Hence (20) can be written as: 
2 2
=  8+RP (θ ,φ ) (21)
BE 2 2
Where RP (θ , φ ) is given by:
BE 2 2
RP (θ , φ ) = -min {-(RP ,V(θ ) +RP ,H(φ )),30} (22)
BE 2 2 BE 2 BE 2
With,
(23)
And
(24)
The off-axes angles were calculated by assuming the 
origin of the global coordinate system was shifted to the 
position of the 5G terrestrial BS. The terrestrial 5G BS of 
height z  has a global Cartesian coordinate of (x , y , z ). 
b b b b
Similarly, an FSS terrestial terminal of height za positioned 
at (x , y ) will have a global Cartesian  coordinate  of  (x , y , 
s s s s
z ). The global cartess in cordinate of the FSS terrestrial 
s
terminal based on the assumption that the origin of the 
global coordinate system have been moved to the 
position of the 5G terrestrial BS is (x , y , z ), where x , y , and 
1 1 1 1 1
z  are given by:
1
x = x - x (25)
1 s b
y  = y - y (26)
1 s b
z  = z - zb (27)
1 s 
Transforming the position of the FSS terrestrial terminal to  
spherical form gives its location as (ρ , θ , φ ). ρ , θ , and φ  
s s s s s s
are the radius, zenith angle from the positive z-axis (0° ≤ θ  
s
≤ 180°) and azimuth angle from the positive x-axis (−180° 
≤ φ  ≤ 180°) respectively. So that its spherical coordinate 
s
based on the assumption that the origin of the global 
coordinate system has been moved to the position of the 
5G terrestrial BS is (ρ , θ , φ ). With the 5G terrestrial BS 
1 1 1
o
assumed to be pointing in a direction having angle a 
away from the positive x-axis and down tilted by an angle 
o o
of b with slant angle of g, the spherical coordinate of the 
FSS terrestrial terminal with in the local coordinate system 
of the 5G terrestrial BS is (ρ , θ , φ ). The transformation 
2 2 2
method of 3GPP (2016) was used to obtained the 
expressions for θ  and φ  as:
2 2
 q = acos(cos(b)cos(g)cos(q)
2 1
+[sin(b)cos(g) cos(j−a) 
1
− sin(g) sin(j−a)]sin(q) ) (28)
1 1
(29)
The 3-sector cells 5G terrestrial BS considered is assumed 
to be pointing along the positive x-axis for sector 1 (that is 
a=0°), a=120° for sector 2 and a=240° for sector 3. For 
reduction of interference to adjacent terrestrial systems, 
antennas are normally tilted downward by a certain 
angle. However since we intend to evaluate the 
maximum possible interference from the FSS terminal, we 
chose a down tilt angle of zero, b=0°, and a slant angle  
of zero, g=0°, for all the three sectors.
In the scenario considered, 5G terrestrial BS was assumed 
to be at coordinate (0, 0) around a single FSS terminal. 
Since high frequency signal transmission suffers from 
huge propagation losses, a cell size of 200 m was 
assumed for the 5G terrestrial BS. A BS of height 10 m (3GPP 
2016) with sectors of temperature 300K and 7dB noise 
figure (3GPP 2016) were considered. For investigation of 
one of the worst case scenarios where useful signals on all 
the sectors from the user terminals are expected to be 
low, user terminals of height 1.5 m and gain of 0 dB 
(Maleki, Zheng,  Awoseyila, Evans, & Ottersten, 2016) with 
transmit powers of 20 dBm/ 5 MHz (3GPP 2016) were 
considered to be immobile and firmly positioned at the 
edge of their cell. The FSS terminal was  then  deployed  
on  3600 different positions  on an  r−θ coordinate with 
r = [60: 2: 420] and                    in reference to the 
position of the terrestrial 5G BS at coordinate (0,0). The 
SINRs available on each of the sectors of the 5G terrestrial 
BS considering transmits powers and commonly used FSS 
elevation in Nigeria were evaluated using MATLAB 2016a.
2. Performance Evaluation
The results for the scenarios considered are presented in 
this section. A total uplink bandwidth of 100 MHZ (Kim et 
al., 2017) and 10 MHz (3GPP 2016) for the 5G BS and the 
FSS terminal were respectively used for the purpose of this 
coexistence feasibility studies. We investigated the effect 
of the relative azimuth angle of the FSS terminal and 
distances to the 5G terrestrial BS on the terrestrial 5G BS 
deployment distances. Since a typical EIRP for an FSS 
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terminal is 46 dBW (Chatzinotas, Ottersten, & De 
Gaudenzi, 2015) with an antenna with maximum gain of 
42.1dBi and height of 2 m (Guidolin, Nekovee, Badia, & 
Zorzi, 2015) the FSS transmit power must not exceed 2.45 
W/MHz. Hence transmission power of 2W/MHz and 1 
o o
W/MHz and elevation angles of 40  to 42  are considered 
for the FSS terminal in the studies. These elevation angles 
are commonly used by satellite operators within Nigeria. 
Figures 4, 5 and 6 show the available SINR on each of the 
three sectors of the 5G terrestrial BS. We assumed that the 
reference point for the relative azimuth of the 5G terrestrial 
BS to the FSS terminal is along the axis of sector 1, so that 
when the FSS is along the axis of sector 1, its relative 
azimuth to the 5G BS is 0o. As in Figure 4, the minimum 
deployment distance for the 5G terrestrial BS is the point 
where the straight line representing SINR threshold of -8.2 
dB cuts the SINR Three Dimensional (3D) plot. This point 
corresponds to a distance of about 184 metres with the 
FSS terminal transmitting 2 W/MHz at an elevation angle of 
o
40 . This occurs at a point where the relative azimuth of the 
o
FSS terminal to the 5G terrestrial BS is 0 . As the relative 
azimuth angle of the FSS terminal to the 5G BS increases, 
the FSS terminal moves away from the bore sight of the 
antenna element of sector 1, leading to reduction in 
interference. Decrease in interference with constant 
useful signal from UE 1 improves the available SNIR on 
sector 1. The improvement reduces the deployment 
distance of the 5G BS at such relative azimuth angle.
The SINR on sector 2 is as shown in Figure 5. The worst SINR, 
highest interference, occurs when the FSS terminal is at a 
o
relative azimuth angle of 120 . Based on this sector, the 
minimum deployment distance for the terrestrial 5G BS 
such that SINR of -8.2dB is always guaranteed when the 
o
FSS terminal operate at an elevation angle of 40  and 
transmitting 2 W/MHz is about162 m.
Moreover, maximum interference on sector 3 occurs 
when the FSS terminal is directly along the axis of sector 3. 
o
This corresponds to a relative azimuth of 240  with respect 
to the 5G terrestrial BS. Similarly based on this sector, the 
minimum deployment distance for the 5G terrestrial BS is 
about 166 m as in Figure 6.
The deployment distances based on sector 2 and sector 
3 are less than that based on sector 1. This is because, 
o
unlike at relative azimuth angle of 0  when the FSS terminal 
is along the axis of sector 1 and facing towards the bore 
o
sight of the sector 1, at relative azimuth angles of 120  and 
o
240 , though the FSS terminal is respectively along the 
axes of sectors 2 and 3, but is not facing directly towards 
their bore sights since its pointing direction is fixed toward 
Figure 4. SINR on Sector 1, FSS Transmitting 2W/MHz
Figure 5. SINR on Sector 2, FSS Transmitting 2W/MHz
Figure 6. SNIR on Sector 3, FSS Transmitting 2W/MHz
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o
a GSO at 28.2 E. Therefore, sector 1 is the most critical of 
all sectors that determines the deployment distance of 
the 5G terrestrial BS.
Since sector 1 determines the deployment distance of the 
5G terrestrial BS, a two dimensional (2D) plot of minimum 
deployment distance of the terrestrial 5G BS for different 
transmit powers of the FSS terminal at elevation angles 
commonly used in Nigeria, so that a minimum SINR of -8.2 
dB is always guaranteed on sector 1 is depicted in Figure 7. 
The minimum 5G terrestrial BS deployment distances 
required based on FSS transmit powers (Po) and elevation 
angles are as reported in Table 2.
It has been found that decrease in elevation angle of the 
FSS terminal antenna results in increased interference to 
the 5G terrestrial BS. This increase in interference reduces 
the SINR at the terrestrial 5G BS. So to compensate for the 
reduction in SINR, the deployment distance of the 
terrestrial 5G BS has to be increased. Table 2 shows the 
various minimum deployment distances required by the 
5G terrestrial BS depending on operation parameters of 
the FSS terminal.
Conclusion and Future Work
In this paper, we investigated feasibility of coexistence of 5G 
terrestrial Base Station (BS) with FSS system on 28 GHz, the 
uplink frequency of the FSS terminal. The study is highly 
important to industrial sector for later deployment of 5G 
terrestrial BS in residential areas, because such areas hardly 
have more than one FSS terminal. Focusing on the uplink 
frequency of the FSS, the research considered only 
interference from the incumbent FSS satellite system into a 
5G terrestrial BS and evaluated the signal to interference 
plus noise ratio (SINR) on each of the sector of the 3-sector 
cells 5G BS considering the effects of FSS transmit power 
and elevation angles. The research also used a realistic 
path loss model and 5G antenna pattern recently released 
rd
by 3  generation partnership project (3GPP). It has been 
found that sector 1 is the most critical among other sectors 
as it determines the 5G terrestrial BS deployment distance. 
Moreover, with an FSS terminal having an elevation angle of 
o
40  and transmit power of 2 W/MHz, minimum deployment 
distance of about 187 m is required for the 5G terrestrial BS 
without degradation of the SINR on all its three sectors to 
below the threshold of -8.2 dB, irrespective of the relative 
azimuth angle to the FSS terminal. The threshold of -8.2dB 
had been obtained via a link level simulation performed 
(prior to this research) at 5G innovation Centre of the 
University of Surrey, United Kingdom. However, when the 
transmit power reduces to 1W/MHz, only about 154m is 
required. Moreover, it has been found that decrease in 
elevation angle of the FSS terminal leads to increase in 
interference to the sectors of the terrestrial 5G BS. So, large 
deployments distances of 5G BS are required for lower FSS 
terminal elevation angles. With the FSS terminal transmitting 
o
1W/MHz and at an elevation angle of 40 , deployment 
distance of about 154 m is required as against about 147 m 
o
required when the elevation angle is 42 .
However, areas such as academic environment may 
have more than one FSS terminal; hence the feasibility 
study needs to be extended to scenarios with multiple FSS 
terminals. We intend to follow-up with a paper in this 
regard. To fully assess feasibility of spectrum sharing 
between 5G terrestrial system and satellite networks at 28 
GHz band, downlink scenarios considering SINR at 5G user 
Figure 7. Minimum Required Distance for Terrestrial 5G BS 
Deployment as a Function of FSS Transmit 
Powers for Different Elevation Angles
Sl. No.
1
2
3
FSS Elevation 
Angle (Degrees)
40
41
42
Minimum required 
5G Terrestrial BS 
distances (m) for 
Po=2 W/MHz
187
184
180
Minimum required 
5G Terrestrial 
BS distance (m) for 
Po=1 W/MHz
154
151
147
Table 2. 5G Terrestrial BS Deployments Distances 
Based of FSS Parameters
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terminals has to be investigated. To further refine the 
deployment parameters, Doppler shift effect need to be 
considered since the users are in reality not stationary.
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